The effects of dietary protein content on the rates of gain and protein deposition were studied in Iberian (IB) × Duroc (DU) 50:50 barrows at 2 stages of growth [10.6 ± 0.2 (n = 28) and 60.0 ± 0.4 (n = 24) kg initial BW]. Two feeding, digestibility, and N-balance trials were performed. At each stage of growth, they were allocated in individual pens and given restrictedly (at 0.9 × ad libitum intake) one of 4 pelleted diets of similar energy concentration (13.8 to 14.5 MJ ME/kg DM), formulated to provide 4 different (ideal) CP contents (236, 223, 208, and 184 g CP/kg DM in the first trial, and 204, 180, 143, and 114 g CP/kg DM in the second trial). Feed allowance was offered in 2 daily equal meals. The average concentration of Lys was 6.59 ± 0.13 g /100 g CP for all diets. Whatever the stage of growth, average daily BW gain and gain to feed ratio were unchanged by increases in dietary CP content (477 ± 7 and 1,088 ± 20 g, and 0.475 ± 0.027 and 0.340 ± 0.113, respectively, in the first and second trial). In pigs growing from 10 to 27 kg BW, the average rate of N retention increased linearly (P < 0.01) on increasing the protein content in the diet up to a break point, so a linear-plateau dose response was observed. Pigs fed diets providing 208 to 236 g/kg DM did not differ in rate of protein deposition (PD). A maximum value of 87 (13.93 g N retained × 6.25) g PD/d was obtained when the diet supplied at least 208 g CP/kg DM. The broken-line regression analysis estimated dietary CP requirements at 211 g ideal CP (15.2 g total Lys)/kg DM. In the fattening pigs, there was a quadratic response (P < 0.01) in the rate of N retention as dietary CP content increased. Maximum N retention (18.7 g/d) was estimated from the first derivative of the function that relates the observed N retained (g/d) and dietary CP content (g/kg DM). This maximum value would be obtained by feeding a diet containing 185 g ideal CP (13.3 g total Lys)/kg DM and represents the maximum capacity of the IB × DU 50:50 pigs for protein accretion (i.e., 117 g PD/d). Consequently, cross breeding of IB dams with Duroc sires alters the metabolic response to dietary CP supply by increasing the potential of the crossbred to accrete protein and by modifying the pattern of PD response with BW.
INTRODUCTION
The production of the Iberian (IB) pig has been traditionally based on the seasonal availability of food resources. This outdoor management provides highquality dry-cured products. Nowadays, to improve productivity, intensification is broadly practiced during the growing and early fattening stages. In previous papers we have described the response of growing (10 to 25 kg BW [Conde-Aguilera et al., 2011] ; 15 to 50 kg BW [Nieto et al., 2002 and ) and fattening (50 to 100 kg BW; Barea et al., 2007) purebred IB pigs to different protein and energy intakes, in terms of nutrient retention, body composition, carcass characteristics, and organ development. The main objective was to derive the optimum protein-to-energy ratio in the diet to allow for the expression of maximum protein accretion rates. It was demonstrated that this obese, slowgrowing breed shows a low lean tissue deposition and an enhanced deposition of fat, particularly at the later stages of growth, compared with conventional pigs of similar BW (Campbell et al., 1984 (Campbell et al., , 1985 Kyriazakis and Emmans, 1992; Quiniou et al., 1996) . These studies show also that an efficient, sustainable, and profitable production of the IB pig can be achieved at lower dietary ideal CP-to-energy ratios than those for conventional pig breeds. However, to improve reproductive performance and feed efficiency and to increase body protein deposition (PD), crossbreeding of IB dams with Duroc (DU) sires is commonly practiced. The IB × DU 50:50 pigs are reared intensively under restricted feed allowance to achieve slaughter weight at 10 to14 months of age. Genotype and physiological status are main factors influencing growth performance and PD, so that the optimal dietary protein (Lys)-to-energy ratio may well vary between breeds with different genetic potential to accrete protein (Friesen et al., 1994; Noblet et al., 1999; BSAS, 2003) . No specific research has been done to determine the maximum capacity of the IB × DU 50:50 pig to accrete protein and the optimal protein-to-energy ratio in the diet to achieve it. With this background, the aim of the present work was to determine the effects of dietary protein content on growth performance and PD of IB × DU 50:50 pigs at two stages of growth. For this purpose, to ensure maximum PD, a wide range of protein-to-energy ratios were assayed.
MATERIALS AND METHODS
The experimental protocol was reviewed and approved by the Bioethical Committee of the Spanish National Research Council (CSIC), Spain, and pigs were cared for following the Spanish Ministry of Agriculture guidelines (Boletín Oficial del Estado, 2005) .
Animals, Experimental Design, Diets, and Feeding
Two feeding, digestibility, and balance trials were performed in IB × DU 50:50 barrows. The trials started when the pigs attained 10.6 ± 0.2 (n = 28) and 60.0 ± 0.4 (n = 24) kg BW. The pigs, supplied by a commercial breeding company (Granja El Arenal, Almodóvar del Río, Córdoba, Spain), had been weaned at 28 d and offered ad libitum a commercial prestarter diet (222 g CP; 16 g Lys/kg DM) until moved to Animal Nutrition Institute facilities at 47 ± 3 d of age and 9.0 ± 0.1 kg BW. On arrival, those used in the first trial received throughout the following 5 d the prestarter feed progressively enriched with a feed mixture made with equal proportions of the 4 experimental diets to be assayed at the first stage of growth. Finally, they were randomly assigned to 4 homogeneous groups of 7 pigs each and individually housed in 2 m 2 pens located in an environmentallycontrolled room at 28 ± 2ºC; the ambient temperature declined steadily up to 20 ± 2ºC when the pigs attained approximately 15-kg BW. Pigs were exposed daily to 12-h lighting. Each group was offered ad libitum one of the experimental diets during 7 d. Then, the measurement period started and the feeding allowance was restricted to 0.90 × ad libitum intake. Daily feed intake was adjusted on a weekly basis according to a BW function previously described for purebred IB pigs (Nieto et al., 2001 ; see below). The feed allowance was kept unchanged during the digestibility and N-balance measurements and until the end of the study, when the pigs achieved 27 kg BW.
The pigs used in the second trial were allocated in individual pens after some days on the commercial prestarter diet, and given ad libitum access to a commercial pelleted feed (188 g CP; 9.7 g Lys/kg DM) until they attained approximately 50-kg BW. Then they were randomly assigned to 4 homogeneous groups of 6 pigs each. Each group consumed ad libitum one experimental diet for one week, after which the feeding allowance was restricted to 0.90 × ad libitum intake, initiating the proper experiment. Daily feed intake was adjusted as described above. The feed allowance was kept unchanged during the digestibility and N-balance measurements and until the end of the study, when the pigs reached 76 kg.
Four diets of similar energy concentration (13.8 to 14.5 MJ ME/kg DM) were prepared at each stage of growth to provide 4 different CP contents (Tables 1  and 2 ). The AA pattern of the dietary protein was maintained constant and followed the ideal protein concept (NRC, 1998; BSAS, 2003) . The average concentration of Lys was 6.59 ± 0.13 g/100 g CP for all diets. The feed mixtures were prepared by NANTA S.A. (Tres Cantos, Madrid, Spain) and offered as pellets in 2 daily equal meals (at 0900 and 1500 h). Water was freely available from nipples. Feed refusals were daily collected, dried, and weighed to calculate actual feed intakes. An estimation of the ad libitum intake, defined as what the pig would consume when given sole access to its diet for two periods of 60 min/d, had been previously obtained with diets of the same nature offered to purebred IB barrows placed in pens with individual feeding spaces and growing from 10 to 30 kg BW and 50 to 85 kg BW (Nieto et al., 2001) . Within each stage of growth, the daily feed allowance was calculated based on the pig's BW and measured once per week according to the following regression equations: In the first trial, the amount of feed offered increased from 950 g for the first week to 1,500 g during the fifth week, so the average daily feed allowance was 1,180 g. In the second trial, the daily allowance was on average 3,250 g.
Measurements
Within each stage of growth, feed consumption; BW gain; feed efficiency; total tract apparent digestibility (TTAD) of DM, OM, CP, and GE; and N balance were measured. The digestibility measurements were placed approximately at the middle of the feeding trials. During the digestibility and balance experiments, the pigs were individually moved to metabolic cages in an environment of 20 ± 2ºC to allow individual collection of feces and urine separately. The pigs were moved to the cages 3 d prior to starting excreta collection. Total collection of feces and urine was performed daily for 5 d. Aliquots were kept at −20 ºC until analyses. Urine was collected into 50 ml 4 M-H2SO4. At the end of the digestibility and balance experiment, a composite sample of feces and urine was obtained for the whole collecting period. In both trials, the digestibility measurement took place in 2 replicates with 3 or 4 pigs per dietary treatment.
Chemical Analyses
All analyses were performed in duplicate. The following procedures were carried out according to the Association of Official Analytical Chemists (AOAC, 2003) : DM content of feed and freeze-dried feces (method 934.01), total ash of feed and freeze-dried feces (method 942.05), and total N in feed and urine, by the Kjeldahl procedure (method 984.13). Acid-detergent fibre was determined in feeds using an ANKOM 220 Fibre Analyser Unit (ANKOM Technology Corporation, Macedon, NY) and expressed inclusive of residual ash. In freeze-dried feces, total N was determined according to the Dumas' method, by total combustion in TruSpec CN equipment (Leco Corporation, St. Joseph, MI). Crude protein was determined as total N × 6.25. Whenever an analysis was made on freeze-dried material, DM was determined on an aliquot sample to establish the residual water content after freeze-drying, and the corresponding analytical result was expressed on a DM basis. Gross energy of feeds and freeze-dried samples of feces and urine was measured in an isoperibolic bomb calorimeter (Parr Instrument Co., Moline, IL). Samples of approximately 10 mL of urine were weighed, freeze dried in a polyethylene sheet of known energy value, and their GE value obtained by difference.
Statistical Analyses
Within each stage of growth, orthogonal polynomial contrasts were used to determine linear and quadratic effects of dietary CP content on performance, digestibility, and N balance parameters by the GLM procedure of SAS. The pig was the experimental unit for all the variables studied. Statistical differences among mean values were assessed by the Tukey t-test, and the level of significance was established at 5%. To estimate dietary CP requirements, the SAS NLIN was used, as described by Robbins et al. (2006) . For the earliest stage of growth a one-slope, straight broken-line analysis of pig response in PD to varied levels of dietary protein intake was made to estimate protein requirements for maximum body protein accretion. With this model, the obtained breakpoint estimates requirements. Because the linear-broken line model proved nonsignificant for the fattening pigs, the first derivative of a one-slope quadratic broken-line function was derived to estimate protein requirements for maximum body protein accretion.
RESULTS
Throughout the trials, all pigs showed a normal behavior and consumed readily the feed on offer. Very exceptionally, some pigs had small amounts of feed refusals that were quantitatively recovered and weighed. In the trial with pigs growing from 10 to 27 kg BW, after 4 weeks on treatment, after digestibility measurements had been completed, 2 piglets showed signs of illness. Early in the trial carried out with fattening pigs, 1 pig showed persistent scouring problems. All these pigs were removed from the experiment.
Young Growing Pigs
Main data of growth performance are shown in Table 3 . As imposed by the experimental design, ADFI for the entire experimental period was not affected by dietary CP concentration (1,000 ± 5 g, on average). However, the intake of DE and ME was influenced by the CP level in the diet; the energy intake increased linearly on decreasing dietary CP content (P < 0.01 and P < 0.001, respectively for DE and ME intakes). The level of feeding imposed was found to be in the range of 3.21 to 3.40 × ME requirements for maintenance (MEm), assuming for MEm our preferred value of 413 kJ/kg BW 0.75 •d −1 , obtained for purebred IB pigs growing from 10 to 150 kg BW (Nieto et al., 2012) . The ADG was not affected by the dietary treatments (477 ± 7 g). Similarly, Gain:Feed ratio was not affected by CP in the diet (0.475 ± 0.054, on average). The energy cost of gain (i.e. Gain:ME intake ratio) was not influenced by the dietary treatment, with an average value of 38.4 ± 0.5 g/MJ ME.
The digestibility and N balance are shown in Table 4 . In pigs of 15 kg BW, TTAD of DM, OM, and GE showed a tendency to decrease linearly on increasing dietary CP content (P = 0.061 to 0.099). In contrast, the TTAD of CP remained unchanged at 0.741 ± 0.007. The coefficient of metabolizability of GE (ME/GE) and the ME/DE ratio decreased linearly on increasing dietary CP level (P < 0.05 and P < 0.001, respectively). As a result, ME content of the diet tended also to decrease (P = 0.067) when dietary CP was elevated. However the DE value of the experimental diets was not affected (14.56 ± 0.11 MJ/kg DM, on average). When energy losses in urine (GEu) were related to urinary N excretion (Nu), the following linear regression equation was obtained (P < 0.001): This equation allows calculating ME content of the experimental diets at N equilibrium (MEn = 0; Table 4 ). In the pigs growing from 10 to 27 kg BW both fecal and urinary N losses increased linearly as dietary protein level increased (P < 0.01 and P < 0.001, respectively). Also, N retention increased linearly with dietary CP content (P < 0.01 to 0.05; Table 4 ). However, differences in N retained between the three experimental diets with the highest CP concentration were small and not significant (13.93 ± 0.34 g/d, on average). So the average rate of N retention increased significantly on increasing the protein content in the diet from 184 to 208 g/kg DM and levelled off thereafter. Consequently, the lowest level of protein in the diet that would allow the IB × DU 50:50 piglet the maximum protein accretion (87 [13.93 × 6.25] g/d) was 208 g ideal CP (15.0 g Lys)/kg DM, provided by diet C20. The broken-line regression analysis estimated dietary CP requirements at 211 g ideal CP (15.2 g Lys)/kg DM, in close agreement. The efficiencies of utilization of total N (retained N/N intake) and N apparently absorbed (retained N/apparent digestible N) showed a strong tendency to decrease (P = 0.058) or decreased linearly (P < 0.01), respectively, on increasing dietary CP concentration. The progressive increase in N intake (P < 0.001) from 21.83 to 28.08 g/d, according with the CP content of the diet fed, resulted in enhanced quantities (up to 44.7% increase) of N excreted (linear, P < 0.001 to 0.01), with the relative contribution of urinary losses to the increased N excretion becoming more important. Table 3 shows main values of growth performance. As expected, the CP content of the diet did not affect ADFI, which achieved a mean value of 3,179 ± 10 g. However, daily DE and ME intakes (MJ) declined linearly with decreasing dietary CP level (P < 0.001 and P < 0.01, respectively). If we assume for MEm the average value of 413 kJ/kg BW 0.75 •d −1 (Nieto et al., 2012) , then the feeding level imposed was within the narrow range of 4.00 to 4.13 × MEm, somewhat higher than the average feeding level used in the trial performed with young growing pigs. The CP content of the diet did not influence ADG or Gain:Feed ratio (1,088 ± 20 g and 0.340 ± 0.113, respectively). On the contrary, the Gain:ME intake ratio showed a strong tendency (P = 0.068) to decline from 27.1 to 25.6 g/MJ ME in pigs given diets with lower CP content.
Fattening Pigs
Main results of the digestibility and N balance measurements are given in Table 4 .
There was a quadratic effect of dietary CP level (P < 0.01) in the coefficients of TTAD of DM, OM, and GE, although with small differences between diets. The coefficient of TTAD of CP decreased linearly on decreasing the CP content in the diet (P < 0.001). Although a linear positive effect of CP in the diet was observed (P < 0.01), differences in DE value were rather small (DE, 14.74 to 14.30 MJ/kg DM) and the ME content was not affected (13.96 ± 0.06 MJ/kg DM). The ME:DE ratio increased Values in the same row without a common superscript differ (P < 0.05).
2 **P < 0.01; ***P < 0.001; NS = P > 0.05.
linearly on decreasing the dietary CP content (P < 0.001).
The following linear regression equation (P < 0.001), relating daily GEu and Nu, was obtained: This equation allows the estimation of MEn = 0 (Table 4) . In the fattening pigs there was a quadratic response (P < 0.01 to 0.05) in the rate of N retention on increasing CP content in the diet. Apparently, N retention attained a maximum when diet F18, containing 180 g CP/kg DM, was offered. A substantial numerical difference in N retained was obtained compared to pigs given diet G14, which contained 143 g CP/kg DM, although the corresponding means were not different (P > 0.05). In this case, the lowest CP content in the diet that resulted in maximum PD was determined from the first derivative of the function that relates the observed N retained utilization (P < 0.01 to 0.05), because of the sharp decline observed in both variables when the diet containing the highest CP concentration was fed. As N intake became higher (from 45.89 to 83.81 g/d; P < 0.001) increasing quantities of N were excreted (up to 116% increase). This effect was linear (P < 0.001) and quantitatively much more important for urinary N losses.
DISCUSSION
In spite of the reduction practiced in feed allowance to achieve 90% of the theoretical ad libitum intake of the purebred IB pig, some pigs failed to consume their whole ration. We have observed a greater intake capacity of the IB pig in comparison with leaner breeds (Nieto et al., 2012) in agreement with other studies (Morales et al., 2002) . Consequently, in our study, the actual level of feed restriction would presumably be lower than the theoretical.
In both trials of the present study, small variations in the intake of DE or ME were observed among diets. This fact can be explained by the slight increase observed in the apparent digestibility of GE of the diet on increasing the inclusion of corn grain to replace soybean meal, in the young growing pigs, or to the inclusion of increasing amounts of corn starch as a replacer of soybean meal, in the fattening pigs, to diminish dietary CP content. These small changes are related to differences in DE and ME content among these feedstuffs (Sauvant et al., 2004) . In the present experiment, the N-balance approach has been followed to derive the optimum protein-to-energy ratio in the diet to allow maximum PD rate in IB × DU 50:50 pigs at 2 stages of growth.
One of the main factors affecting growth and composition of gain is pig genotype. At the same physiological age, lean pigs have higher capacity for protein deposition and show lower lipid accumulation rate than obese, slow-growing pigs (Fuller et al., 1995; van Lunen and Cole, 1996) . Consequently, protein and energy requirements vary widely between pig genotypes. We have shown (Nieto et al., 2002; Barea et al., 2007; Conde-Aguilera et al., 2011 ) that protein requirements of growing and fattening purebred IB pigs are considerably lower than those reported for conventional lean pigs at similar stages of growth. An analysis of the evidence available indicates that in the growing pig PD is linearly related to protein (Lys) intake when there is no limitation by other nutrients or growth potential of the animal, and therefore can be described as a proteindependent process below an optimal protein supply per unit of energy. A linear relationship has been reported up to a breakpoint beyond which PD depends largely on energy supply (Campbell et al., 1984 (Campbell et al., , 1985 Kyriazakis and Emmans, 1992) . To the best of our knowledge, no available information exists describing the response of the growing IB × DU 50:50 pig to changes in protein supply. Also, a lack of information exists on the optimal protein to energy ratio in the diet required to allow the IB × DU 50:50 pig to achieve the maximum daily rates of protein accretion (PDmax; Fuller et al., 1995) . The present experiment was planned taking into account our observations on the energy and protein requirements of purebred IB pigs at different stages of growth throughout the productive cycle (10 to 25 kg BW [Conde-Aguilera et al., 2011] ; 15 to 50 kg BW [Nieto et al., 2002] ; 50 to 100 kg BW [Barea et al., 2007] ).
An objective assessment of nutrient requirements is not an easy issue. It requires the evaluation of experimental data by appropriate statistical methods. In our study, within each stage of growth, 4 graded levels of protein of ideal AA pattern were used. This is a minimum to allow fitting the data to a descriptive response curve. Furthermore, in the present experiment the problem seems to be more complicated because different statistical models were used for growing and fattening pigs, as the linear-broken line model proved nonsignificant for the fattening pigs. It is known that linear broken-line models usually give lower values than the first derivative of quadratic functions (Baker, 1986) . Consequently, although the requirement and PDmax values would probably be affected by the statistical model, presumably, the magnitude of the effect would be small, probably less than one percentage unit of dietary protein both for the young and the fattening pigs. This assessment is based on the sharp decline in the efficiency of utilization of the N apparently absorbed observed at the protein level of diet A24, indicative of an excess of dietary N for younger pigs. For the fattening pigs, a constant efficiency in the utilization of dietary N was found at protein levels lower than 180 g/kg DM. This efficiency dropped dramatically beyond this protein concentration. It must be pointed out that, irrespective of the stage of growth, the values obtained for maximum protein accretion underestimate PDmax slightly, as the pigs were restrictedly fed (0.90 × ad libitum intake).
At the earlier stage of growth, the mean supply of digestible protein was in the range of 12.7 to 9.42 (0.82 to 0.60 digestible Lys) g/MJ ME according to the diet offered. Two of the diets contained an excess of protein relative to energy, so a linear-plateau relationship between PD and dietary protein supply could be well established. Consequently, the present results support the known dose response to increasing dietary protein levels that has been reported for N retention or PD in the growing pig of moderate potential for lean tissue deposition (Black et al., 1986; Campbell et al., 1984 Campbell et al., , 1985 Kyriazakis and Emmans, 1992) . The diet supplying the optimal proteinto-energy ratio would contain 157 (211 × 0.745) g ideal digestible protein (dgP)/kg DM (i.e. 10.9 g dgP/MJ ME). Expressed in terms of total Lys, diet C20 contains 1.02 g/ MJ ME. When fed with the slight restriction practiced in the present study, an average daily rate of protein accretion of 87 g (i.e. 10.8 g PD/kg BW 0.75 d −1 ), would be obtained. As expected, this rate of whole-body PD is considerably higher than the maximal value of 59.9 g/d obtained, by the comparative slaughter technique, in purebred IB piglets growing from 10 to 25 kg BW fed at 0.95 × ad libitum intake a diet that provided 201 g CP/kg DM (CondeAguilera et al., 2011) . Nevertheless, it should be pointed out that in the present experiment PD was determined by the N balance technique, which tends to overestimate protein accretion. Under a careful experimental technique this overestimation may approach 15% (Just et al., 1982) . Average daily gain was also higher than in purebred IB pigs, but not body-gain efficiency ratios (i.e., Gain:Feed and Gain:ME intake). It should be emphasized that growth performance and protein accretion were considerably less compared with those observed in pigs of conventional pig breeds at similar BW and raised under similar experimental conditions (van Lunen and Cole, 1998; Le Bellego and Noblet, 2002; Schneider et al., 2010) .
In the fattening IB × DU 50:50 pigs, a somewhat higher potential for protein accretion was anticipated compared with the purebred IB pig at similar BW. A decreased PD at the highest level of protein intake was observed, as was also found by Campbell et al. (1984 Campbell et al. ( , 1985 in pigs of moderate capacity for lean tissue deposition growing from 20 to 90 kg BW. In our study, the lowest CP content in the diet that results in maximum PD was determined from the first derivative of the function relating daily retained N and dietary CP content (Eq. 5; Robbins et al., 2006) . It was found that feeding a diet containing 185 g ideal CP/kg DM would result in maximum N retention (18.7 g/d). Consequently, it has been assumed that the estimated value of 18.7 retained N/d or 0.744 g/kg BW 0.75 •d −1 would represent the maximum capacity of the IB × DU 50:50 pigs for protein accretion: 117 g PD/d or 4.65 g PD/kg BW 0.75 •d −1 . Crossbreeding of IB dams with DU sires greatly improved all growth parameters obtained by Barea et al. (2007) in purebred IB pigs growing from 50 to 100 kg BW. At this stage of growth, PD reached a maximum value of 71 g/d in purebred IB pigs fed a diet providing 95 g ideal CP/kg DM at 0.95 × ad libitum intake. This dietary treatment resulted in an average daily gain of 854 g/d. Although experimental methodologies differ, the maximum capacity for PD obtained in the present work, although underestimated due to the slight restriction in feed intake, seems to be higher than the average value of 75.6 g/d reported in castrated Meishan pigs fed close to ad libitum and growing from 20 to 107 kg BW (Noblet et al., 1999) . Nevertheless, it remains below values found in lean and conventional genotypes at a similar BW range (<150 g/d; Quiniou et al., 1996) . An increasing response in PD to BW has been found in the present work, similar to the rate of increase reported in experiments with conventional pig genotypes by Thorbek et al. (1984) , Siebrits et al. (1986) and Tauson et al. (1998) . This pattern differs from that observed in the purebred IB pig, for which a linear-plateau relationship has been found between PD and BW, with a breaking point at approximately 32.5 kg BW (Nieto et al., 2012) . Beyond this breaking point, PDmax remains at an average rate of 75 g•d −1 .
In the absence of an experimental determination of PDmax for the IB × DU 50:50 pigs growing from 30 to 60 kg BW, we have assumed that at this stage of growth it would change linearly with BW. Then PDmax would attain 102 g/d, the average value of the daily rates of protein accretion observed for the young growing and fattening pigs. This peak value in protein accretion would be achieved with a diet supplying 197 ([208 + 185] /2) g (ideal) CP/kg DM offered at 0.90 × ad libitum intake.
In the present experiment, the efficiency with which dietary protein was deposited in tissues, expressed either as retained N/N intake or retained N/N apparently absorbed, varied inversely with the supply of dietary ideal CP to the young pigs. These results are in the line of those observed by Nieto et al. (2002) in purebred IB pigs growing from 15 to 50 kg BW and by Conde-Aguilera et al. (2011) in IB pigs at similar BW. Efficiency ratios declined dramatically when the diet supplying the highest CP content was offered to the fattening IB × DU 50:50 pigs. This pattern of change in the use of dietary N differs from the linear decline of the efficiency of N utilization found by Barea et al. (2007) in IB pigs growing from 50 to 100 kg BW. The observed changes in the efficiency of utilization of dietary N according to the concentration of CP in the diet are coupled with the levels of N excretion found, and corroborate that limiting the protein content of balanced amino acid composition in the diet appears to be an effective solution to comply with requirements to allow the pig to express its maximum potential for lean tissue deposition compatible with minimizing N losses to the environment. Present results suggest that in the IB × DU 50:50 pig, the efficiency of utilization of dietary N would be dependent on body weight. In both trials, the relationships established between urinary energy loss and urinary N (Eq. 3 and 4) estimate increases of 34.0 and 31.7 kJ energy loss in urine per gram of increase in urinary N, respectively, in young growing and finishing pigs. Most N in pig urine is in the form of urea, which has an energy content of 631.8 kJ/mol, equivalent to 22.56 kJ per g urea N. However, other nitrogenous compounds are usually present, thereby increasing the energy value of urine, being 40 kJ/g urinary N, an acceptable average value (Blaxter, 1989) .
In conclusion, crossbreeding of IB dams with DU sires modifies the response of the purebred IB pig to dietary CP supply in two ways: a) by increasing the poten-
